Due to the increased use of solar energy resources globally, the study of the available solar resources is essential for systems that use solar energy. This paper uses the Duffie and Beckhman method for estimating the best possible tilt angle for solar radiation using some climatic data such as declination, latitude, and clear index for photovoltaic and solar thermal systems application in the city of Yenagoa.
Introduction
Yenagoa is the capital city of the Nigerian state of Bayelsa with a population of over 200,000 people. The rapid influx of people into the city has resulted in an increase in the demand for energy. With this development, solar energy seems to be a solution. Solar energy technology is growing rapidly and it is becoming significant in our world today and in the future to come. Global solar radiation data are essential for the study and design of the economic viability of systems that use solar energy [1] . It is the main source of energy that drives soil, vegetation, and atmospheric processes. It also determines the electricity and hot water produced by photovoltaic (PV) and solar thermal systems, respectively. Solar energy reaching the earth in tropical zones is about 1 kWh/m 2 , giving approximately 5 to 10 kWh/m 2 per day. In countries within 3200 km of the equator, use of such energy can be economically significant [2] . According to [3] , Yenagoa has annual daily global horizontal radiation of 4.61 kWh/m 2 , as averaged over 22 years. Monthly data reveal that radiation peaks at 5.69 kWh/m 2 daily in February and is lowest in July at 3.49 kWh/m 2 daily. This corresponds with the region's dry and rainy seasons.
PV system application is one of the most important areas in the field of renewable energy and has attracted much research [3] [4] [5] [6] . It is anticipated that use of PV systems will experience an enormous increase in decades to come. However, a successful integration of solar energy technologies into the existing energy structure depends on a detailed knowledge of the solar resources [7] . This has made researchers look at different ways and methods of estimating solar radiation in the extraterrestrial region and on the surface of the earth using some climatic data. In [8] , a self-calibrating method for estimating solar radiation from an air temperature-based equation was used for predicting daily and monthly radiation, while in [9] , a regression coefficient of Angstrom-type * Correspondence: priyeainah@yahoo.com correlation was calculated for selected sites and used for estimating solar radiation on the sites. The tilt angle of the solar energy applications determines the amount of solar radiation that is generated by the systems. This is illustrated in Figure 1 . 
Methodology
The estimation of solar irradiation varies with climatic data and methods. However, in this paper, the Duffie and Beckman method in [10] cos W s = -tan ϕtanδ , the day length is 2 W s , and therefore the number of daylight hours (N) is:
Then sunrise hour = 1200 (noon) -N / 2 and sunset hour = 1200 (noon) + N / 2.
The solar hour angle is now given by ω = 15 (12 -t)
• , where t is solar time (24-h format) from sunrise to sunset.
Incident angle ( θ)
and solar zenith angle ( θ z ) starting from sunrise hour to sunset hour cos θ = sin δ sin ϕ cos β − − sin δ cos ϕ sin β cos γ + cos δ cos ϕ cos β cos ω
cos θ z = sin δ sin ϕ + cos δ cos ϕ cos ω
Here, ϕ = latitude angle, γ = surface azimuth, and β = tilt angle.
Calculation of the beam radiation (R b ) on the tilted plane and horizontal plane
R b = cos θ/ cos θ z(5)
Calculation of the global solar radiation (G
The total daily extraterrestrial radiation on a horizontal plane H o is given by integrating the above equation from sunrise to sunset. Hence, H o = G o × time, for time in every 1 h [4].
Calculation of solar radiation at the earth's surface with use of clear index K
Here, H = monthly average daily solar radiation.
Calculation of diffuse and beam radiation
When the solar hour angle is less than 81. 
Therefore, the average beam radiation, H b , is as follows.
The solar radiation on an inclined surface is given as follows.
Here, ρ is given as ground reflectivity, which varies from 0.3 to 0.8. 
Estimated results
Using Eqs. (1) through (9) with different tilt angles, the following results from Tables 1-9 were achieved. The results were estimated for different days of each month and were assumed to be the monthly averages.
Discussion of results
For better application for photovoltaic modules and solar thermal systems in Yenagoa, the best possible tilt angle is the key to optimal performance. Tables 1-9 show the solar radiation at different tilt angles ranging from 15
• to 65
• in different months of the year from January to December 2011.
The result, as demonstrated in Figure 2 , gives us insight into the importance of tilt angle. In Figure 2 , it can be observed that the lower the tilt angle, the better the radiation. It can be seen that 15
• 
Conclusion
It is concluded that the best possible tilt angle is within the range of 15
• to 45
• tilt. When the solar cell is horizontally placed, it receives the maximum solar resources but the cooling process is necessary to have a balance, and the angles from 15
• are recommended, with greater emphasis on the average. The results of the estimated solar radiation on different tilt angles provide a template for solar energy installers and consumers of the best possible tilt angle to achieve the optimal radiation from the sun. It also reveals the huge potential of solar radiation in the state of Bayelsa and the benefits of tapping such resources for investors and the government to address the energy challenges of the city. The government can also take advantage of this new trend and make steps to provide incentives for users of renewable energy so as to create a friendlier environment.
